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(54) Single flare tube and joint structure of single flare tube 



(57) A single flare tube (13). and a joint structure of 
the single flare tube makes a flare (1 4) of the single flare 
tube (13) hardly deformed plastically. Additionally, a ten- 
sile stress remains lower and is lower when the single 
flare tube (13) is fastened. A joint structure of the single 
flare tube coupled with a union (11) includes a single 
f iare tube (1 3) having a tube (1 5) and a flare ( 1 4), a flare 
nut (12) having a thread (12b) and a through-hole (12a) 
that receives the tube of the single flare tube, and a 
union (11) having a thread (11b) for coupling with the 
thread (12b) of the flare nut (12). A width of a narrow 
inner circumferential groove (14a) of a radially outward 
extending part of the flare (14) is substantially zero and 



stays substantially zero when the single flare tube (13) 
is pushed against and coupled with the union (11) by 
fastening the threads (12b) of the flare nut (12) and the 
union (11) together, Additionally, an internal diameter 
(r1) of the inner circumferential groove (14a) preferably 
is smaller than an external diameter (r2) of the tube 
(1 3). Furthermore, a curvature at a radially outer side of 
an outer corner (1 3a) of the single flare tube (1 3) (where 
the tube is connected with the flare) is larger than a cur- 
vature at a radially inner side of the outer corner (13a) of 
the single flare tube (13) along a longitudinal cut section 
of the single flare tube (13). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of Invention 

[0001] The present invention relates to a single 
flare tube and to a joint structure of the single flare tube. 
The single flare tube includes a tubular portion and a 
flare portion attached to the front end of the tubuiar^wr* 
tion. The joint structure of the single flare tube includes 
the single flare tube, a flare nut and a union. The joint 
structure of the single flare tube can be used, for exam- 
ple, in a fluid circuit in order to connect one part of the 
fluid circuit to another part of the fluid circuit 

2. Description of Related Art 

[0002] A joint structure of a single flare tube is well 
known among several kinds of joint structures of tubes. 
One example of a joint structure of a single flare tube is 
shown in Fig. 6. With reference to Fig. 6, a cylindrical 
hole 101a is drilled into a union 101, and an internal 
thread 101b is cut in a part of the cylindrical hole 101a. 
An external thread 1 02b is cut in an outer peripheral 
surface of a flare nut 102, and the flare nut 102 is con- 
nected with the union 101 by screwing together the 
external thread 102b and the internal thread 101b. The 
flare nut 102 has a longitudinal through-hole 102a. A 
single flare tube 103 has a longitudinal through-hole 
105a for flowing fluid, and includes a flare 104 and a 
tube 105. The tube 105 passes through the through- 
hole 102a of the flare nut 102. The flare 104 is posi- 
tioned at the front end part of the single flare tube 103, 
and an outer peripheral circumference of the flare 104 
extends radially outward. The outer diameter of the flare 
104 progressively decreases closer to the front end of 
the flare 104, and thus a front slanting surface 104b of 
the flare 1 04 is nearly slant-shaped. 
[0003] The flare nut 102 with the single flare tube 
103 positioned in the through-hole 102a is inserted into 
the cylindrical hole 1 0 1 a. When the flare nut 1 02 is tight- 
ened at the thread 101b of the union 101 and the thread 
102b of the flare nut 102, the flare 104 is located 
between a front surface 102c of the flare nut 102 and a 
slant shaped inner wall 101c of the union 101 , and the 
single flare tube 1 03 is coupled to the union 101. 
[0004] In the above-mentioned joint structure of the 
single flare tube, the conventional type flare 104 has a 
longitudinal section shaped like a, and is eiastically lon- 
gitudinally deformed by tightening the threads of the 
flare nut 1 02 and the union 1 01 . It had been thought that 
by this elastic deformation, the front surface 1 04b of the 
flare 1 04 could be tightly fitted to the interior wall 1 01 c of 
the union 101. 

[0005] In actual practice, however, the flare 1 04 can 
be plastically deformed by excessive tightening of the 
flare nut 102, as illustrated in Fig. 7. An inner circumfer- 



. erttial groove 1 04a of the flare 104 then becomes out of 
shape, and not only the front end of the front surface 
104b, but also the whole slanted, front surface 104b 
could contact the interior wall 101c of the union 101 . In 
5 this case, since the contact area between the flare 104 
- and -the interior- wall -*Q1c increases; -the contact pres- 
sure between both parts is reduced. Then, the sealabil- 
Hy of this area also decreases. 

[0006] Furthermore, a phenomenon by which the 
^to ■»* {(are 104 rotates logether with tltfe ftea © v rtut'"t02 (called 
dual-rotation) could happen in the condition where the 
flare 104 is sandwiched and pushed between the front 
end of the flare nut .102 and the inner wall 101c of the 
union 101. If the flare nut 102 continues to be tightened 

is untfl the flare 1 04 becomes out of shape completely and 
the gap of the inner circumferential groove 104a 
becomes substantially zero (as shown in Fig. 7) , a rota- 
tion angle of the flare 104 by this dual-rotation could 
become a non-negligible level. As a consequence, the 

20 single flare tube 103 could twist by an amount that can 
not be neglected. 

[0007] In order to prevent the single flare tube 103 
from rotating with the flare nut 102, low friction oil (for 
example, vegetable-based rust preventive oil) could be 

25 placed on the ex terna l thread 1 02b and the front surface 
102c of the flare nut 102. In this case, however, an oil 
coating process is necessary which increases the cost. 
If the low friction oil accidentally happens to be placed 
on the front surface 1 04b, the friction between the front. 

30 surface 104b and the inner wall 101c is lowered. Then, 
the flare 104 could be slippery to the inner wall 101c, 
which results in the dual-rotation of the flare 1 04 and the 
flare nut 102. Consequently, the twisting angle of the 
single flare tube 103 could become higher. 

35 [0008] Furthermore, in the case where the union 
101 is surface-coated, the inner wall 101c must be 
masked in order to avoid being surface-coated and to 
prevent the friction between the slanting surface 104b 
and the inner wall 101c from becoming lower, and to 

40 prevent the flare 1 04 from rotating with the flare nut 1 02 . 
Since the masking process is necessary, it causes the 
cost to increase and the reliability to be lowered. 
[0009] On the other hand, a curvature of an outer 
(radially outward facing) corner 103a located between 

45 the front end of the tube 105 and the rear end of the 
flare 104 is constant and high. In the case that the cur- 
vature of the outer corner 103a is high, a high tensile 
stress P is loaded to the surface of the outer corner 
103a when the flare nut 102 is tightened firmly and the 

so tensile stress P on the outer corner 103a remains after 
fastening the single flare tube 103 to the union 101 with 
the nut 102. At the outer corner 103a the fatigue 
strength of the single flare tube 103 becomes lower 
when the tensile stress P remains. 

55 [0010] In addition, if the curvature of the outer cor- 
ner 103a of the single flare tube is high, tensile stress 
tends to concentrate on the outer comer 103a when an 
external force places a further load on the single flare 
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tube 103. 

[0011] As mentioned above, if the curvature of the 
outer corner 103a is high, the tensile stress P tends to 
remain and concentrate. Consequently, if a vibration 
adds to the single flare tube 103, for example, it is not 
easy to ensure the durability of the single flare tube 1 03 
at the outer corner 103a 

SUMMARY OF THE INVENTION 



[0012] It is thus one object of the present invention 
to solve the aforementioned problem. Another object of 
the invention is to provide a single flare tube and a joint 
structure of the single flare tube in which a flare is not 
easily plastically deformed and a tensile stress does not is 
easily remain. 

[0013] According to one aspect of the invention, a 
joint structure of a single flare tube includes a single 
flare tube, a first connector member and a second con- 
nector member. The single flare tube includes a tube 20 
and a flare, and the flare is coupled with the tube at the 
front end of the tube. The flare extends radially outward 
relative to a longitudinal axis of the tube. The first con- 
nector member can be, for example, a flare nut that has 
a through-hole for receiving the tube of the single flare 2s 
tube. The second connector member can be, for exam- 
ple, a union that is connectable with the first connector 
member. The flare nut and the union can have, for 
example, threads that engage each other. A width of a 
narrow inner circumferential groove of the outer radially 30 
extending part of the flare does not substantially change 
when the single flare tube is pushed and coupled with 
the union by coupling the flare nut with the union. 
[0014] Since the width of the narrow inner circum- 
ferential groove formed inside of the flare is not substan- 35 
tially changed when the single flare tube is pushed 
against the union by the flare nut. according to the 
present invention, the flare does not deform plastically, 
and a contacting area between a front slanting surface 
of the flare and an inner wall formed inside of the union 40 
does not increase. Accordingly, the contacting pressure 
between the slanting surface of the flare and the inner 
wall of the union does not decrease after tightening the 
flare nut with the union. 

[001 5] Furthermore, according to another aspect of 45 
the present invention, the width of the narrow inner cir- 
cumferential groove is substantially zero starting at a 
point that is radially closer to the longitucfinal axis of the 
tube than is the external diameter of the tube. The nar- 
row portion of the groove extends radially outward, and so 
stays substantially zero when the single flare tube is 
pushed against and coupled with the union by connect- 
ing the flare nut with the union. 
[0016] Since the single flare tube having the flare 
formed with the above-mentioned narrow inner tircum- 55 
ferential groove is not easily deformed plastically, the 
flare does not deform plastically and a contacting area 
between a front slanting surface of the flare and an 



inner wall formed inside of the union does not increase. 
Accordingly, the contacting pressure between the slant- 
ing front surface of the flare and the inner wall of the 
. union does not decrease after tightening the flare nut 
with the union. 

-{0017] F^if#*emwe ; ^<xxKcRng-to>arK 

the present invention, a curvature at the (radially) outer 
side on the outer comer of the single flare tube is 
greater than a curvature at the (radially) inner side on 

cut section. When a vibration is transmitted to the single 
flare tube by an external force, an outer corner between 
the front end of the tube and the rear end of the flare 
becomes deformed. As a consequence, a crack could 
occur on the corner if a high tensile stress remains on 
the comer. With this aspect of the present invention, 
however, since the curvature at the inner side on the 
outer corner of the single flare tube on the longitudinal 
section, where the greater stress is loaded by external 
force, is smaller, a tensile stress concentration is lower. 
Consequently, a crack does not occur easily on the sin- 
gle flare tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above and other objects, features, 
advantages and technical and industrial significance of 
this invention will be better understood by reading the 
following detailed description of a presently preferred 
embodiment of the invention, when considered in con- 
nection with the accompanying drawing, in which: 

Fig. 1 is a longitudinal cross-sectional view of a joint 

structure of a single flare tube according to one 

embodiment of the present invention; 

Fig. 2 is a magnified view of a part of Fig. 1 , which 

includes a flare of the single flare tube and its 

periphery; 

Fig. 3 is a graph showing a comparison between 
one embodiment of the present invention and the 
prior art concerning a changing length of the flare 
when tightening a flare nut; 
Fig. 4 is a graph showing alternating stress vs. 
cycles to fracture comparing fatigue durability of the 
single flare tube of one embodiment of the present 
invention and the prior art; 

Fig. 5 is a diagrammatic view showing the joint 
structure of the single flare tube of Ftg. 1 applied to 
a brake system on a vehicle; 
Fig. 6 is a longitudinal cross-sectional view of a 
prior art joint structure of a single flare tube; and 
Fig. 7 is a longitudinal cross-sectional view of a joint 
structure of a single flare tube shown in Fig. 6, 
showing how the flare of the single flare tube is 
plastically deformed. 
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DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

[0019] In the following description and the accom- 
panying drawings, the present invention will be 
described in more detail in terms of specific embodi- 
ments. Fig. 1 shows a longitudinal cross-sectional view 
of one embodiment of the present invention. In Fig. 1 , a 
cylindrical hole 11a is drilled inside a union 1 1, and an 
interior thread 1 1b is cut in a part of the cylindrical hole 
11a. Trie union. 1 1 is not limited to the type shown in Fig. 
1 , and any type of member which is connectable with a 
flare tube is meant to be encompassed by the term 
union. An external thread 12b is cut in an outer periph- 
eral surface of a flare nut 12, and the flare nut 12 is cou- 
pled with the union 1 1 by screwing the external thread 
12b and the internal thread 11b. The flare nut 12 has a 
longitudinal through-hole 12a. A single flare tube 13 has 
a longitudinal through-hole 15a for flowing fluid, and 
includes a tube 15 and a flare 14. The tube 15 passes 
through the through-hole 12a of the flare nut 12. The 
flare 14 is positioned at the front end part of the single 
flare tube 1 3, and an outer peripheral circumference of 
the flare 14 extends radially outward of the tube 15 rela- 
tive to the longitudinal axis of the flare tube 13. The 
outer diameter of the flare 104 progressively decreases 
closer to the front side of the flare 14, and thus a front 
surface 14b of the flare 14 is nearly slant-shaped. 
[0020] In the illustrated embodiment, a first connec- 
tor member (the flare nut) has threads that engage with 
threads of a second connector member (the union). The 
invention is not limited to this type of connection struc- 
ture. For example, the first and second connector mem- 
bers can attach to each other with a bayonet type of 
connection or a snap type of connection. 
[0021 ] The flare nut 12 with the single flare tube 13 
positioning in the through-hole 12a is inserted into the 
cylindrical hole 11a. When the flare nut 12 is tightened 
by the thread 11bof the union 11 and the thread 12b of 
the flare nut 12, the flare 14 is located between a front 
surface 12c of the flare nut 12 and a slant shaped inner 
wall 1 1 c of the union 1 1 . and the single flare tube 1 3 is 
coupled to the union 1 1 . 

[0022] As depicted in Fig. 2 and mentioned above, 
the flare 14 extends radially outward at the front end 
part of the single flare tube 1 3, and the flare 1 4 pro- 
trudes beyond the front portion of the tube 15, and has 
a tapered, slanted front end. An inner circumferential 
groove 1 4a is formed at the inside of the flare 1 4 (i .e. , on 
an inner surface of the flare 1 4). and a width of the inner 
circumferential groove 14a is substantially zero (i.e., the 
walls of the flare 14 on each side of the groove contact 
or almost contact each other). As shown on Fig. 1, the 
width of the inner circumferential groove 14a is zero or 
substantially zero starting at a point that is radially 
closer to the longitudinal axis (the centerfine) of the flare 
tube 13 than is the outer diamtere of the tube 15. thus, 
the internal diameter r1 of the narrow portion of the 



groove 14a is less than the external diameter r2 of the 
tube 15. 

[0023] The rear side of the flare 14 connects gently 
and continuously to the front side of the tube 15. An 

5 outer comer 13a of the connecting part between the 
- flare 14 and the4ube-45 curves smoothly^and -continu- 
ously, and a curvature at the radially outer side of the 
outer corner 13a is greater than a curvature at the radi- 
ally inner side of the outer corner 13a when viewed on a 

•IP - tJonnftjclinfll cut section, in <rifter**xd&, <he curvature of 
the outer corner 13a of the single flare tube 13 is not 
constant and the farther a part of the flare 1 4 is from the 
tube 15. the more sharply the outer comer 13a curves. 
On the contrary, the closer a part of the flare 14 is to the 

is tube 15, the more gradually the outer comer curves. 
That is. a curvature at the radially outer side of the outer 
corner of the single flare tube 13 on a longitudinal cut 
section is greater than a curvature at the radially inner 
side of the outer comer of the single flare tube 13. In 

20 other words/the radius of curvature of the outer corner 
decreases (the curvature becomes tighter) from the 
tube 15 toward the flare 14. 

[0024] Furthermore, a curvature of an inner front 
corner 12d connecting a front surface 12c to the 

25 through-hole 1 2a of the flare nut 1 2 on a longitudinal cut 
section is not constant. As illustrated in Fig. 2. the more 
toward the front the inner front corner 12d is, the more 
sharply the inner front corner curves. On the contrary, 
the farther the inner front corner is from the front surface 

30 12c, the more gradually the inner front corner curves. 
This shape of the flare nut 12 prevents the front surface 
12c from intruding into the outer corner 13a, and makes 
the contacting area between the front surface 1 2c and 
the outer rear surface of the flare 14 more inner side of 

35 the outer rear surface of the flare 14 (i.e., the portion of 
the back surface of the flare which is angled to face the 
tube 1 5 is contacted). 

[0025] In the above-mentioned embodiment, since 
the width of the inner groove 14a is zero or substantially 

40 zero starting at a point that is radially closer to the longi- 
tudinal axis of the tube than is the outer diameter of the 
tube 15. the internal diameter r1 of the narrow portion of 
the inner groove 1 4a is smaller than the external diame- 
ter r2 of the tube 1 5. Due to this structure, a width of the 

45 narrow inner circumferential groove 14a inside the radi- 
ally outward extending part of the flare 14 hardly varies 
(and is maintained at zero or substantially zero) when 
the flare 14 is pushed by the flare nut 12. Because the 
width of the inner groove 1 4a is substantially zero and 

so stays substantially zero, though the single flare tube 1 3 
is pushed and coupled with the union 1 1 by tightening 
the threads 11b, 12b of the union 1 1 and the flare nut 
12, the inner circumferential groove 14a of the flare 14 
does not change its shape by plastic deformation. Con- 

55 sequentiy, even if the slanting front surface 14b is 
strongly pushed against the inner wan 1 1c, the contact- 
ing area between the slanting surface 14b and the inner 
wall 1 1c does not increase. Accordingly, the contacting 
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pressure of the area is maintained high and fluid inside 
of the single flare tube 13 and the union 11 does not 
leak. As used herein, substantially zero means that not 
only the width of the narrow part of the inner circumfer- 
ential groove 14a is zero but also the width does not 5 
change substantially when the flare nut 12 is tightened . 
strongly. The above-mentioned condition is satisfied by 
setting an appropriate outer diameter, an appropriate 
wall thickness, an appropriate material, etc. of the single 
flare tube 13, or an appropriate sh^pe of.the flare J4Jn ^ 
which an internal diameter of the narrow part of the 
inner circumferential groove 14a is smaller than an 
external diameter of the tube 15. 

[0026] Furthermore, since the flare 14 plastically 
deforms very little when the flare nut 12 is tightened is 
strongly after the flare 14 is sandwiched between the 
front surface 12c of the flare nut 12 and the inner wall 
1 1c of the union 1 1 t an angle of the flare 14 rotated by 
the flare nut 12 changes very little. Accordingly, the sin- 
gle flare tube 1 3 does not twist substantially. 20 
[0027] Moreover, it is not necessary to place low 
friction oil on the external thread 1 2b and the front sur- 
face 1 2c of the flare nut 1 2 in order to prevent the single 
flare tube 13 from rotating with the flare nut 12. Since 
the oil coating process can be eliminated, a cost saving 2s 
is attained. 

[0028] Furthermore, it is not necessary to prevent 
the inner wall 11c from being surface-coated, because 
the dual-rotation of the single flare tube 13 and the flare 
nut 12 is prevented without lower friction between the 30 
slanting surface 14b and the inner wall 11c. Therefore, 
an apprehension to reliability of the masking process is 
eliminated and a cost saving is attained. 
[0029] Fig. 3 is a graph showing a comparison of a 
change in length of the flare 1 4 when tightening the flare 35 
nut 12 between this embodiment and the aforemen- 
tioned prior art The horizontal line shows fastening 
torque and the vertical line shows a difference between 
the changed longitudinal length and the original length 
of the flare 14. The solid line A shows characteristics of 40 
the flare 14 of the joint structure of the single flare tube 
13 of this embodiment and the dotted line B shows 
characteristics of the flare 1 04 of the prior art. According 
to this graph, the length difference of the flare 14 of the 
embodiment changes less than the length difference of 45 
the prior art 

[0030] In the case that the slanting front surface 
14b of the flare 14 is pushed against the inner wall 11c 
of the union 11 when the flare nut 12 is tightened 
strongly, the tensile stress P occurs on the surface of so 
the outer corner 13a of the single flare tube 13. 
Because the outer corner 13a curves gradually from the 
front of the tube 15 to the rear side of the flare 14, a 
lower tensile stress P remains on the surface of the 
outer corner 1 3a. Additionally, because the curvature of 55 
the outer corner 13a is low, added tensile stress to the 
outer corner 13a hardly concentrates when an external 
force is loaded to the single flare tube 13. Therefore, the 



total tensile stress on the outer comer 13a becomes 
lower. Consequently, the fatigue durability of the outer 
corner 13a becomes higher, and the durability of the 
single flare tube 1 3 is obtained. 

[0031] As mentioned above, the shape of the front 
surface 42c -and -the inner-front-corner 12d of the^lare 
nut 12 is designed so that the contacting area between 
the rear outer surface of the flare 14 and the front sur- 
face 1 2c is closer to the tube 1 5. It is known from exper- 
vifweois rihai 4he «ba*e-«*entiooed <iharact eristic .makes 
the tensile stress P lower. Therefore, the outer corner 
13a of the flare 14 can have an increased fatigue dura- 
bility. 

[0032] Furthermore, the shapes of the front surface 
12c of the flare nut 12 and the rear outer surface of the 
flare 14 are designed so that the contacting area 
becomes larger. Consequently, the contacting pressure 
of this part is prevented from becoming too high. 
[0033] Fig. 4 is a graph showing alternating stress 
versus cycles to fracture, comparing fatigue durability of 
the single flare tube of one embodiment of the present 
invention and the prior art. In this graph, the horizontal 
fine shows cycles to fracture of the single flare tubes, 
and the vertical line shows an alternating stress. The 
alternating stress is a half of a stress range. The stress 
range is a difference of a maximum stress and a mini- 
mum stress. The single flare tube 1 3 of this embodiment 
is shown by the solid line C, and the single flare tube 
103 of the prior art is shown by the dotted line D. Com- 
paring the two. the fatigue strength of the single flare 
tube 13 is 35% higher than the single flare tube 103. 
[0034] Fig. 5 shows diagrammatical ly the joint 
structure of the single flare tube of Fig. 1 applied to a 
brake system on a vehicle. Referring to Fig. 5, an ABS 
(Antilock Brake System) actuator 21 is fixed to a body of 
the vehicle by way of a plurality of rubber mounts 22. 
The rubber mounts 22 prevent a vibration of the ABS 
actuator 21 from transmitting to the body of the vehicle. 
The single flare tube 13 is fixed to the body of the vehi- 
cle by a plurality of brackets 23 (in Fig. 5 only one 
bracket is shown). Pressured oil is supplied to the ABS 
actuator 21 by the joint structure of the single flare tube 
of this embodiment. 

[0035] In this structure mentioned above, when the 
body of the vehicle vibrates, the ABS actuator 21 sup- 
ported by the rubber mounts 22 and the tube 15 of the 
single flare tube 13 supported by the brackets 23 vibrate 
with respect to each other. As a consequence, a relative 
clearance c (see Fig 1) between the ABS actuator 21 
and the single flare tube 13 fluctuates, while that clear- 
ance c is constant in static conditions. (The clearance c 
is the difference between the semi-cfiameter of the 
through-hole in the flare nut 12 and the outer semi- 
diameter of.the tube 15.) Thus, due to the vibration of 
the single flare tube 13, alternating tensile stress and 
compressive stress are loaded repeatedly on the sur- 
face of the outer comer 13a. Due to the effects of this 
embodiment as mentioned above, the tensile stress of 
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the outer corner 13a hardly concentrates when the 
external force is loaded to the single flare tube 13. As a 
result, the fatigue durability of the outer corner 13a 
becomes high, and the durability of the single flare tube 
13 is secured. 

[0036] In other words, a certain level of vibration of 
the single flare tube 13 becomes tolerable in this 
embodiment. Consequently, a vibration-isolating per- 
formance from the ABS actuator 21 to the body of the 
vehicle can be improved by decreasing a spring xate&i 
each rubber mount 22, and the number of the brackets 
23 can be reduced and/or the size of each bracket 23 
can be diminished. Many tubes are adopted in a brake 
system of a vehicle, and there are many joint structures 
of the tubes. If the number of the brackets fixing the 
tubes is reduced and the size of each bracket is dimin- 
ished by adopting the aforementioned single flare tubes, 
a remarkable cost saving of the brake system can be 
realized. Of course, this embodiment can be applied not 
only to a hydraulic brake system but also to other 
hydraulic systems, fluid systems and/or fuel systems. 
Consequently, the total cost saving by adopting the sin- 
gle flare tube of this embodiment is remarkably high. 
[0037] The joint structure of the single flare tube of 
this invention is not only applied to piping installations of 
a vehicle, but also can be applied to any other pip- 
ing/tubing installation, in the case where an end of a 
tube is fastened to a part Additionally, non-metal could 
be used for the single flare tube as well as metal. 
[0038] While the present invention has been 
described with reference to preferred embodiments 
thereof, it is to be understood that the invention is not 
limited to the disclosed embodiments or constructions. 
On the contrary, the invention is intended to cover vari- 
ous modifications and equivalent arrangements. In 
addition, while the various elements of the disclosed 
invention are shown in various combinations and config- 
urations, which are exemplary, other combinations and 
configurations, including more, less or only a single 
embodiment, are also within the spirit and scope of the 
invention. 

[0039] A single flare tube (13), and a joint structure 
of the single flare tube makes a flare (14) of the single 
flare tube (13) hardly deformed plastically. Additionally, 
a tensile stress remains lower and is lower when the sin- 
gle flare tube (13) is fastened. A joint structure of the 
single flare tube coupled with a union (11) includes a 
single flare tube (13) having a tube (15) and a flare (14), 
a flare nut (1 2) having a thread (1 2b) and a through-hole 
(12a) that receives the tube of the single flare tube, and 
a union (1 1) having a thread (1 1b) for coupling with the 
thread (12b) of the flare nut (12). A width of a narrow 
inner circumferential groove (1 4a) of a radially outward 
extending part of the flare (14) is substantially zero and 
stays substantially zero when the single flare tube (13) 
is pushed against .and coupled with the union (11) by 
fastening the threads (12b) of the flare nut (12) and the 
union (11) together. Additionally, an internal diameter 



15 



20 



25 



35 



40 



45 



50 



55 



(r1) of the inner circumferential groove (14a) preferably 
is smaller than an external diameter (r2) of the tube 
(13). Furthermore, a curvature at a radially outer side of 
an outer corner (1 3a) of the single flare tube (13) (where 
the tube is connected with the flare) is larger than a cur- 
vature at a radially inner side of the outer corner { 13a) of 
the single flare tube (13) along a longitudinal cut section 
of the single flare tube (13). 



to .£Jaiias 



30 2. 



A joint structure comprising a single flare tube (13) 
having a tube (15) and a flare (14), the flare (14) 
being connected with the tube (15) at a first end of 
the tube (15) and extending radially outward, a first 
connector member (12) having a through-hole 
(12a) that receives the tube (15) of the single flare 
tube (13) and a second connector member (1 1 ) that 
couples with the first connector member (12), the 
joint structure characterized in: 

that a width of an inner circumferential groove 
(14a) of the radially outward extending part of 
the flare (14) does not substantially change 
when the single flare tube (13) is pushed 
against and coupled with the second connector 
member (1 1) by fastening the first and second 
connector members (11, 12) together. 

A joint structure comprising a single flare tube (13) 
having a tube (15) and a flare (14), the flare (14) 
being connected with the tube (15) at a first end of 
the tube (15) and extending radially outward, a first 
connector member (12) having a through-hole 
(12a) that receives the tube (15) of the single flare 
tube (13) and a second connector member (1 1) that 
couples with the first connector member (12), the 
joint structure characterized in: 

that an inner circumferential groove (14a) of the 
*■ radially outward extending part of the flare (14) 
has a narrow portion that has a width which is 
substantially zero and stays substantially zero 
when the single flare tube (13) is pushed 
against and coupled with the second connector 
member (1 1) by fastening the first and second 
connector members (11, 12) together, and a 
radially inner diameter of the narrow portion of 
the inner circumferential groove (14a) is 
smaller than an external diameter of the tube 
(15). 

A joint structure comprising a single flare tube (13) 
having a tube (15) and a flare (14), the flare (14) 
being connected with the tube (15) at a first end of 
the tube (15) and extending radially outward, a first 
connector member (12) having a through-hole 
(12a) that receives the tube (15) of the single flare 
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tube (1 3) and a second connector member (11) that 
couples with the first connector member (12), the 
joint structure characterized in: 

that the flare tube (13) has an outer corner 5 
(13a) where the tube (15) connects with the 
flare (14), a curvature at a radially outer side of 
the outer corner (1 3a) is larger than a curvature 
at a racfially inner side of the outer corner (13a) 
of the single flare tube (1 3) along a longitudinal i o 
cut section of the single flare tube (13). 

A joint structure according to claim 1 and 2, charac- 
terized in that the flare tube (13) has an outer cor- 
ner (13a) where the tube (15) connects with the 75 
flare (14), a curvature at a radially outer side of the 
outer corner (13a) is larger than a curvature at a 
radially inner side of the outer corner of the single 
flare tube (13) along a longitudinal cut section of the 
single flare tube (13). 20 

A joint structure according to claim 3 and 4, charac- 
terized in that a diameter of the through-hole (12a) 
increases at an end of the first connector member 
(12) that engages the flare (14). 25 

A joint structure according to claim 1 , 2 and 3, char- 
acterized in that the first connector member (12) is 
a flare nut having a thread (12b) on an external sur- 
face of the flare nut, and the second connector 30 
member (1 1) is a union having a thread (11b) that 
engages the thread (12b) on the flare nut to con- 
nect the first and second connector members (11, 
12) together. 

35 

A vehicle characterized in including the joint struc- 
ture of claim 1 , 2 and 3. 

A vehicle according to claim 7, characterized in that 
the vehicle includes an anti-lock brake system (21 ), 40 
and the second connector member (1 1) is attached 
to the anti-lock brake system (21). 

A hollow single flare tube that is connectable to a 
surface (1 1c) having an aperture so that fluid can 45 
flow through the single flare tube (13) and a mem- 
ber (11) having the surface (11c), the single flare 
tube (13) comprising a tube (15) and a flare (14), 
the flare (14) being connected with the tube (15) at 
a first end of the tube (1 5) and extending so 

radially outward, the hollow single flare charac- 
terized in: that a width of an inner circumferen- 
tial groove (14a) of the radially outward 
extending part of the flare (14) does not sub- 55 
starrtially change regardless of the force 
applied to press the single flare tube (13) 
against the surface (1 1c) having the aperture. 



10. A hollow single flare tube that is connectable to a 
surface (1 1c) having an aperture so that fluid can 
flow between the single" flaretube (13) and a mem- 
ber (11) having the surface (11c). the single flare 
tube (13) comprising a tube (15) and a flare (14), 
the flare (14) being connected with the tube (15) at 
a first end of the tube (15) and extending radially 
outward, the hollow single flare tube characterized 
in: 

that an inner circumferential groove (14a) of the 
radially outward extending part of the flare (14) 
has a narrow portion that has a width that is 
substantially zero, and a radially inner diameter 
(r1) of the narrow portion of the inner circumfer- 
ential groove (14a) is smaller than an external 
diameter (r2) of the tube (15). 

11. A single flare tube according to claim 9 and 10, 
characterized in that the flare tube (13) has an outer 
corner (13a) where the tube (15) connects with the 
flare (14), a curvature at a radially outer side of the 
outer corner (13a) is larger than a curvature at a 
radially inner side of the outer corner (13a) of the 
single flare tube (13) along a longitudinal cut sec- 
tion of the single flare tube (13). 

1 2. A single flare tube according to claim 10, character- 
ized in that the width of the inner circumferential 
groove (14a) stays substantially zero when the sin- 
gle flare tube (13) is pushed against and coupled 
with the surface (11c) having the aperture. 

13. A hollow single flare tube that is connectable to a 
surface (11c) having an aperture so that fluid can 
flow through the single flare tube (13) and a mem- 
ber (11) having the surface (11c), the single flare 
tube (13) comprising a tube (15) and a flare (14), 
the flare (14) being connected with the tube (1 5) at 
a first end of the tube (15) and extending radially 
outward, the hollow signal flare characterized in: 

that the flare tube (13) has an outer corner 
(13a) where the tube (15) connects with the 
flare (14), a curvature at a radially outer side of 
the outer corner (1 3a) is larger than a curvature 
at a radially inner side of the outer corner (13a) 
of the single flare tube (13) along a longitudinal 
cut section of the single flare tube (13). 
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extending part of the flare (14) is substantially zero and 
stays substantially zero when the single flare tube (13) 
is pushed against and coupled with the union (11) by 
fastening the threads (12b) of the flare nut (12) and the 
union (11) together. Additionally, an internal diameter 
(r1) of the inner circumferential groove (14a) preferably 
is smaller than an external diameter (r2) of the tube (13). 
Furthermore, a curvature at a radially outer side of an 
outer comer (13a) of the single flare tube (13) (where 
the tube is connected with the flare) is larger than a cur* 
vature at a radially inner side of the outer comer (13a) 
of the single flare tube (13) along a longitudinal cut sec- 
tion of the single flare tube (13). 
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